This paper is devoted to the use of statistical methods to ensure the highest quality processes. Specifically, it deals with creating an application in MS Excel which evaluates standard statistical parameters and if the required process capability indices are complied with, then it is possible to proceed to SPC (statistical process control). The application was created in MS Excel using the Visual Basic for Application programming language. In addition to the required calculations, the application also generates forms with all important data. This application was designed to reduce reject rate and improve the production process in a contracting company.
Introduction
Nowadays we meet with the term quality in all fields. For this reason, the question of quality is inherent in our lives. The concept of quality can be found on the side of supply as well as on the side of demand, whether we evaluate the quality of food, the quality of education, or the quality of services provided. To be able to meet their quality standards, companies must first and foremost focus on the quality of their processes. The process quality is not only characterized by its output, but by all interactions within the process and on its interface. This paper is focused on the use of statistical methods in ensuring the quality of processes in a manufacturing company. The current market situation, whether national or international, is very complex and the market environment is highly competitive. Every organization is fighting for its position on the market and wants to maintain the uniqueness of its products or services. They make an effort to have a competitive advantage and thus a lead over others. The competitive advantage of Chinese companies is in the price of their products, which stem from mass production. Therefore, it is important to think about the competitive advantage of Czech companies. This very quality is one of the competitive advantages of Czech companies. There are many definitions of quality in professional literature. However, it should be noted that quality is associated with customers and their requirements.
The assignment and methodology of the study
The paper originated from the requirements of a Czech company Alfa s.r.o., which deals with a specific quality problem. Alfa s.r.o. is engaged in the production of profiles for automotive industry. The company did not wish to be named and therefore it appears in the whole paper under the name Alfa s.r.o. The research will be carried out specifically on a profiled reinforcement for cars. The reinforcement is provided with several openings, some of them for fastening during technological operations and others for mounting directly on the vehicle. Recently, the number of nonconforming products has increased in the production and the company has had long-term problems with evaluating process capability indices as they are called. The values of these indices are a significant feature of the process quality [1] . These are important values for customers, who require a certain minimum threshold for these indices.
A specific requirement of the company was to automate the calculations which Alfa s.r.o. has so far done manually and in a very complicated way. The outcome of this paper will be the introduction of SPC (statistical process control). This regulation will be logically linked to the cal-culated process capability indices and it represents an integral part of the procedures of quality assurance and quality improvement [2] . SPC is particularly important in the regulation of the production process. SPC has a preventive character. By continuous monitoring of quantitative (possibly also qualitative) features, negative trends can be identified. By early intervention, it is possible to prevent the occurrence of non-conformance. The introduction of SPC minimizes the occurrence of rejects and makes the whole process less expensive and more efficient. Another advantage will be that the course of monitored features of quality can be graphically recorded [3, 4] . The solution of SPC regulation will be provided by a tool that will be created in MS Excel. It will be a regulatory card in which the measured values will be recorded manually. Many types of regulatory cards have been described in the literature. The most basic one, based on monitoring deviations from the nominal size, was applied in this case. The values are then converted into graphical output in the form of a line graph that visualizes the entire process. The functionality of this evaluation tool will be verified on a selected product, including the interpretation of all detected data that were recorded on the graphics card. A process is characterized as "a set of interrelated or interacting activities that transform inputs into outputs". The process itself can be divided into several subprocesses [5] . Each process or sub-process should have its owner who is responsible for it. The result of each process is a product that can be divided into several categories. The quality of the process is based on several basic areas such as people, machines and tools, materials, procedures, environment, and measurement [6] . It is the appropriate setting of these areas which enables the company to achieve the desired or highest quality of the entire process. The static capability of the process is a determining factor for the quality of the final product. It is evaluated by means of process capability indices Cp and C pk . The task of statistical process control is to intervene in a process if it shows some signs of instability [7, 8] . The most suitable tool for SPC applications are "Shewhart control charts". There are two basic types of control charts: for position monitoring (in which the average value of n measurements of a given critical feature is plotted) and for variability monitoring (in which the sample standard deviation [s], or a range [R] of values from n measurements of the given critical feature is plotted). This plotting of values takes place precisely within a specified time interval so as to cover the entire process [9, 10].
The calculation metodology
In technical practice a product is assessed according to a set of qualitative and quantitative features. Only quantitative indicators will be considered in this study. Table 1 shows the basic variables needed for this study. Some of these basic indicators are explained in more detail below [11] .
Normal Gaussian probability distribution -this distribution is shown by means of the probability density of Gaussian curve. For quality evaluation, a very important feature of the normal distribution is the possible estimation of frequency occurrence. Within the standard deviation interval (σ), 68.2% of the values occur in the normal distribution. The aim in technical practice is to ensure that all values of the critical feature lie within 6 σ interval. Then there is the evaluation of the mutual ratio of the width of the tolerance field to the variability of the feature measured by the estimate of the standard deviation [12] .
Histogram -it is a tool by means of which it is possible to graphically represent the distribution of measured values frequency. In technical practice, the compilation of a histogram is necessary not only for determining the process capability, but also for other control activities [12, 13] .
Arithmetic mean -is a quantity that expresses the typical value of a set of many values. It is expressed by the relationship:
Sample standard deviation and standard deviation -the sample standard deviation (s) is the square root of the sample variance. The standard deviation (σ) represents the mean of feature values deviations from its arithmetic mean [14, 15] . They are given by the relationships:
Median and range -are mainly used in SPC. There are several basic types of control charts that monitor the process in terms of mean, median, or range of detected values. It depends on the method of production and the type of measurable feature. Range (R) is the difference between the maximum and minimum measured values. Median (Me) is the middle value when sorting the data by size. When the number of values is odd, it is the arithmetic mean of two middle values [16, 17] . Process capability index -position T Width of the tolerance field ST Centre of tolerance Process capability indices Cp and C pk -Cp index represents the potential of the process. It refers to the ratio of the width of the tolerance field to six times multiplied (sample) standard deviation σ (s). The mentioned potential lies in the ability/capability of the process to maintain a given critical feature not only within the tolerance limits, but especially within 6 σ interval. The position of the measured values within the tolerance field is not determined at this stage of the calculation [18] .
Calculating the position of the data within the tolerance field is the task of the other process capability index. If Cp is the potential of the process, then C pk is the exploitation of that potential. The mean value of the data against the upper/lower tolerance limit at half of the interval is compared. The smaller value is then considered relevant.
The process capability index (Cp) values are defined by the boundaries against which they are assessed. Interval (0; 1) represents poor quality of the process. Interval <1; 1.33) represents the elementary quality of the process, but does not meet the general process quality requirement. This requirement is to achieve a minimum capability index of 1.33. Consequently, the interval <1.33; 1.67) is generally accepted as evidence of process quality and capability. An interval <1.67; 2.00) is generally required in the automotive industry. The probability distribution characteristics represented by Gaussian curve are derived from these intervals.
Knowing the characteristics of Gaussian distribution, the calculated standard deviation, and the width of the tolerance field, it can be easily deduced that, at Cp = 1, there will be 2,700 non-conformities from 1 million pieces; at Cp = 1.33 there will be 64 nonconformities, and at Cp = 1.67, there will be 0.6 nonconforming pieces. All this at the significance level of the test α = 0.05. Calculation of control limits -the control limits represent a narrowing of the tolerance field. They serve for preventive control of the process-if the monitored feature exceeds this limit (the feature is still inside the tolerance field), the process control is necessary so that the values of the monitored feature return to the centre of the tolerance field [19] [20] [21] . To determine the control limits, it is necessary to know the calculated value of process capability index Cp, the width of the tolerance field T, the tolerance centre ST and the coefficient K2 (this is given by ČSN ISO 8258). The coefficient K3 is used to calculate the control limits for variability monitoring. This coefficient depends on whether the number of measurements n is carried out in the range n = 3 or in the range n = 5. The calculation of control limits is calculated according to the relationship:
Research
The company production batches are of a serial, or in some cases large-scale character. Every piece that leaves production must meet demanding quality criteria. From the time point of view, it is not possible to subject each part to a 100% check, and random control is not a sufficiently robust solution. In the current state of (not) monitoring of the processes it was not possible to react flexibly and only consequences were dealt with usually in the form of a 100% measurement of the faulty batch and sorting of nonconforming pieces. In order to meet demanding customer requirements, a statistical evaluation of the capability of existing processes had to be carried out. This is a difficult and time-consuming procedure, as many ineligible processes were identified and had to be modified (technology adjustment, machine adjustment, measuring instruments, etc.) to become eligible. All this generates a huge amount of data, the processing of which must be as automated as possible. Recently, there has been a significant deterioration in quality in the production process. Approximately 35% of individual products did not reach the required values. Customers are currently requesting re-verification of Figure 1 shows the graphical output from the critical point measurement and the prescribed value for a given position in each axis, as well as the actual measured value, the allowed deviation and the actual deviation.
A detailed analysis of the current situation made several fundamental findings. The measurement is performed on a high-quality 3D coordinate instrument with sufficient accuracy. Therefore, the measurement methodology is working well. The problem is especially the export of data from this device. Currently, a document created in MS Excel is used for this purpose, which has several disadvantages. 1. Only 10 values can be exported. In a situation where even 50 values are required for the calculation, the export must be performed multiple times, generating possible errors. 2. The document is very confusing, with many unnecessary fields, the operators largely do not understand it. 3. Some automated calculations are at variance with the methodology for determining process capability indices and the calculated data are therefore irrelevant. 4. The source code of macro (the program in the VBA environment, which is part of MS Excel) is uneditable and confusing. In addition, potential comments are in French; even experienced programmers find it difficult to understand it. This is caused by the fact that this document was provided by the headquarters in France many years ago. At the moment, it is a black box that nobody understands.
Based on these main shortcomings, a new evaluation form must be created. The requirements for the new evaluation form are as follows. 1 Effort for maximum simplicity and clarity so that the form fully fulfils its function and the operator understands it completely. 2 Large-scale data import, even several quality features at once. 3 The output must also be understandable to the customer so that the process capability can be declared without any problems. For this reason, the document will be multilingualthe language will be selectable and the document will be exported in that language. 4 Comprehensible and editable source code to make it easy to respond to changes in the future in a flexible way. Purchasing software would be inefficient, because the acquisition of new development environments ranges from 80,000 to 180,000 CZK. These types of software are much more sophisticated, but they are also often difficult to operate. Their use is one-time and thus uneconomical. A combination of standard MS Excel and VBA functions will be used to meet the requirements of the company. All evaluation functions, be it calculations of individual statistical quantities or graphical outputs, will be provided by calculation or display functions of MS Excel. A program will be created in the VBA environment, sometimes called a macro, which is used for mass automatic import of data from the source file.
The evaluation tool has to fulfil many functions such as clarity, simplicity, user-friendly interface, and above all the possibility of large-scale data processing as data changes based on their import. The identification field is shown in Figure 2. 1. Company logo that serves as an identifier. 2. The name of the form, which is multilingual. 3. Data will be imported en masse; one form will be available for each critical feature. For this reason, they will be numbered. 4. The identifier of a part and measuring instrument.
To measure each measuring point, the measuring instrument has to be precisely specified. 5. The required values of Cp and C pk are necessary to determine whether the process is statistically eligible or not. Customers may require different values of eligibility indices. 6. The values of the specified tolerances and the subsequent automatic calculation of the tolerance field width are the basic input values for the calculation of process capability indices. 7. The SI units used, whether basic or derived, are an essential part of the identification of each dimension.
This is the introductory part of the form. Now there is another part where the measured values will be filled. The column labelled i shows the order number of the measured values. They are listed chronologically. In Xi column, the values are assigned to the order number i. Conditional formatting has been implemented in the evaluation tool, which indicates a field with an off-tolerance value in red. This is shown in Figure 3 . In the third part of the form there are graphs that are updated according to the loaded data. In the upper part of the figure, there is a histogram with a Gaussian curve. Its lower part depicts a graph showing the course of the measurement. This allows the operator to detect any fluctuations or inconsistencies. This is shown in Figure 4 .
And the last part of the form consists of calculations of basic statistical indicators, including calculation of pro-cess capability indices. To these evaluations were added additional calculations (skewness and kurtosis of value distribution), which have the character of additional information in the form of Gaussian curve. Evaluation of the process capability index also includes their evaluation by means of emoticons. It is a visualization so that even an untrained worker can quickly and safely determine the outcome of the process capability index calculation. This is shown in Figure 5 .
In this research the evaluated quantities are as follows:
1. Xmax and X min are limit values found within a given measuring point, they are source data for further calculations. 2. R is the difference between the maximum and minimum values found within a given measurement feature. It is only of informative value for research purposes, but is generally an important parameter. 3. x represents the mean value for all measured values of a given measuring point, it is the source data for further calculations. The kurtosis then indicates the way in which very high or too low values occur in the frequency distribution. A positive value indicates a "sharper" distribution of values, i.e. a ratio of higher frequencies near the mean. 0 characterizes the normal distribution of values and a negative value indicates that the difference between individual frequencies is minimal, the distribution of values is even. 7. Evaluation of Cp and C pk is performed according to the procedures mentioned above. An important visual aspect is the added emoticon, which complements the numerical evaluation. It is a confirmation of a "good" or "bad" result. There are two reasons for its implementation in the evaluation tool. Firstly, it serves as a visual complement to the result and secondly it is a kind of assurance of correct evaluation. It may happen that the resulting process capa-bility index is higher than 1.33, which in most cases indicates a satisfactory result. But the customer may require a capability index higher than 1.67 or even higher, and in this case there is some potential for poor evaluation. An inexperienced operator may consider a result higher than 1.33 good and may not notice that the customer is requesting a higher process capability index value. The added emoticon prevents incorrect evaluation. Moreover, this processed form can generate a summary overview of the evaluation of all measuring points.
Operating the created program is very simple. A manual has been drawn up for this by agreement. An input cutout of the evaluation tool is shown in Figure 6 .
The "import" button is used to import data from the source file. When activated, a dialog box appears with the path to the folder with the source files already defined, the operator then just selects the necessary source file.
It is important that the imported data are always in the same fields. Once the evaluation tool is selected and confirmed with the button, they are automatically loaded into the tool. Originally, the data was imported after 10 measurements. Currently, 30 values can be retrieved for each import. For this reason, the import will take place twice. The first 30 values at first import and the remaining 20 values are loaded in the same way. However, the source file must be filled with new data. Information about the required tolerances for each measuring point is copied from the source file together with the measured values. After the import, all the necessary evaluations are automatically performed and the required forms can be printed immedi- ately. The evaluation form can be flipped into several language versions -Czech is set by default and according to customer requirements it is possible to choose German or English version. If necessary, you can easily edit the source code and add another language version. The evaluation tool implements minor functions that do not directly contribute to the program's functional properties. E.g. all automatic calculations are regulated so that there is no division by zero under any circumstances or error values of type #DIV or #N/A do not appear in empty cells. These cosmetic modifications serve to make the form better arranged.
Research findings
Based on the request of the company, an evaluation tool was created to ensure the required quality of pressed products. The basis of the evaluation tool is a macro. It is a program created in the Visual Basic for Application object programming language. The advantage of this programming language is that it is an integral part of MS Excel. With VBA, you can create a wealth of applications that can serve as inspiration or as a basis for the program you create. Data processing is the essence of the evaluation tool. Complex evaluation tool is shown in Figure 7 .
Conclusion
This paper was created on the basis of the request of Alfa s.r.o. In order to increase the quality and transparency of their processes, an evaluation tool was designed. This research also entailed increased demands on accuracy and, in particular, knowledge of the methods and procedures used. To be able to design an evaluation system it was necessary to get acquainted with the individual processes and activities taking place in the company. This was largely due to records of rejects of individual products and errors of individual workers in manual calculations. Based on the conducted surveys, there were requirements for an evaluation tool that will be used to evaluate selected statistical characteristics of a given process. A great benefit for the company is the facilitation and abandonment of inefficient and inaccurate calculation of process capability indices. It is the acceleration and accuracy of these calculations that will help to reduce the reject rate of the products, to ensure the preventive character of manufacturing process corrections and, last but not least, owing to the linguistic variability of the forms, to facilitate communication with customers.
